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ABSTRACT 
The effects of growth hormone on the growth of the 
tibia/fibula complex and femurs of hypophysectomized 
rats after unilateral limb ~enervation. 
A. Kapit and L. Oliveira • .Boston University School 
of Graduate Dentistry. 
It had been previously reported by Goldberg that, when 
growth hormone was administered to hypophysectomized rats 
with unilaterally denervated hind limbs, the denervated 
muscles increased in weight. This result seemed to support 
the hypothesis that the action of growth hormone on muscle 
ls not dependant on an intact nervous innervation. The 
purpose of the present experiment was to determine if 
growth hormone would retain its ability to promote bone 
growth after limb denervation. In hypophysectomized female 
rats, one leg was denervated by sectioning the .sciatic 
nerve. Four weeks after daily injections of 5rowth hormone, 
_the animals were sacrificed and dry and ash weight values 
of the tibia/fibula complexes and femurs were obtained • . 
. . 
The results show that denervation interfered with the normal 
gain in body weight. There was a marked difference in weight 
between the bones of the operated leg and unoperated legs. 
The tibia/fibula and femurs from both the operated and . 
operated plus growth hormone groups show no appreciable 
difference. These results suggest, that the ability of 
growth µormone to stimulate bone growth may require the 
presence of an intact motor innervation. 
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INTRODUCTION AND LITERATURE REVIEW 
The ability of growth hormone to promote the overall 
growth of hypophysectomized rats is well known. Goldberg's 
• 
(1) experiments compared the rate of protein catabolism in 
non-growing skeletal muscle, in muscle undergoing work-
induc·ed hypertrophy and in muscles growing in response 
. ' 
to pituitary growth hormone. Hypophysectomized rats were 
injected with 3 H-leucine and the rate of protein degradation 
estimated from the loss of radioactive proteins. Rates of 
protein synthesis were estimated from dilution of labelled 
protein with newly synthesized material (decrease in specific 
activity). During compensatory hypertrophy there is a 
decrease in protein catabolism and an increase in synthesis 
of new proteins. His results showed that, unlike work 
induced hypertrophy, growth hormone increased protein 
synthesis in muscle without changing the rate of protein 
degradation. 
Several other papers by Goldberg have dealt with the 
effects of growth hormone on skeletal muscle. In one of 
his experiments (2) he examined the mechanism by which 
denervation leads to atrophy of skeletal muscle. In this 
experiment, the fate of previously labelled protein was 
studied in denervated and contralateral, control muscles 
of hypophysectomized rats. Protein de gradation r _ates were 
estimated from the disappearance of radioac~ivity from 
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muscle protein. Ten days after denervation, atrophic muscles 
contained leas total radioactivit1 than contralateral controls. 
Thia result suggested that increased protein degradation 
occurs after denervation. Protein synthesis must have also 
decreased followin g nerve section •. Th• loss of muscle weight 
following denervation appeared to be directly proportional 
to the rate of protein degradation. 
Of some interest ia the question: Ia the action of 
growth hormone directly on bone or are its effects indirect? 
Does it affect muscle first and only secondarily enhance 
bone growth? 
Goldberg (3) showed that growth hormone decreased the 
loss o! weight, or induced net growth, of denervated muscle 
in h7pophysectomized rats. Growth hormone did not alter 
the weight of the denervated muscle relative to its control 
because it increased the weight of both aides proportionately. 
In addition, he showed that growth hormone has the ability 
~o cause proportional growth in muscles undergoing work 
induced hypertrophy as well as in their contralateral controls. 
It is suggested that muscle size is determined by at 
leaat two independant factors; (a) growth hormone for 
developemental growth; and, (b) work induced h7pertrophy. 
Growth hormone can cause growth of muscle in the abaence 
of work and work can induce hypertrophy of muscle in the 
absence of pituitary hormone. Thus these two processes 
can occur independantly ot one another. 
, 
In 1897, Morpugo (4) and in 1951, Bizland and Jehring 
(5) ahowed both the pituitary hormone and increased work 
produce an increase in muscle size through enlargement o! 
existing muscle fibers rather than addition o! new ones. 
These two forms o! growth, however, may have very 
different e!!ects on the physiological properties o! the 
. 
muscle. Bigland and Jehring (5) reported that growth 
hormone increased muscle mass without increasing strength, 
while denervation usually causes an absolute loss o! muscle 
weight. In 1950, Schapira (6); Schapira and Dreyfus (7) 
and in 1962, Zelena (8) noted that in young, rapidly growing 
animals, denervated muscles continue to grow; although, the 
• 
absolute increase in size is much less than that seen in 
innervated controls. This finding suggests that denervated 
muscles can respond to endogenous growth hormone and is 
thus in accord with Goldberg's findings. At the same time, 
the lesser growth o! the denervated muscle indicates that 
~ormal muscle !unction is essential !or growth during 
development. 
. . 
In 1958, Selye and Bayusz (9) showed, in normal rats, 
after complete intrapelvic severance o! the femoral, obturator 
and sciatic nerves, that the denervated tibia continued to 
grow at a normal rate. The denervated bone also retained 
its sensitivity to the growth promoting e!!ects o! growth 
hormone. 
With the above as background, we decided to investigate 
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the effect• ot growth berm.one on denervated limb• ot 
hJpophy-sectomized rats. We hoped to determine it the 
action ot growth hormone is directly on bone or it ita 
effect is an indirect one, i.e. doea ·it affect muscle first 
and only secondarily enhance bone growth. 
The weight difference between the right, operated, leg 
bones and the left, unoperated, leg bones would provide an 
indication; (1) if denervation alone causes any change 
in weight; and (2) when growth hormone is administered, 1! 
denervation interferes with growth hormone action. 
The results of this 1nves~1gat1on may help to clarity 
aome of the mechanisms by which growth hormone affects the 
skeletal system • . 
. . . . . . 
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MATERI~S AND METHODS 
l 
Animals 
Forty-five female, hypophysectomized rats (Charlel 
River) originally weighing 200 to 225 grams were divided 
into five groups. The first group, consisting of six rats, 
was sacrificed at the beginning of the experiment, and 
served as a control group. The .remaining four groups 
consisted of two unoperated and two operated groups (right 
hind limbs denervated). 
The groupings were as follows: 
Group A - Unoperated, plus growth hormone 
Group B - Unoperated, no growth hormone 
Group C - Operated, plus growth hormone 
Group D - Operated, no growth hormone 
. . 
Two days following surgery, group A and· C animals 
began receiving .5 cc·. injections of growth hormone. Three 
days later, the dosage for the duration of the experiment 
was increased to 1 cc. daily. The rats received Purina 
Laboratory Chow throughout the experiment. 
Orin1nally, it was intended to continue growth hormone 
1nJect1ons for two weeks followed by a one week main-
ta1nance period prior to sacrificing the animals. When 
the animals were weighed after the maintainance period 
we found a decrease in body weight; thus showing that the 
effects of growth hormone were partially reversible. 
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.Another aeries of injections was started and all rats were 
aacrificed two weeks later and their heads and hind limba 
removed. 
Drugs • 
Porcine growth hormone (lot 21c - 0420 100 I.U. ) 
from Nutritional Biochemical Co. was used. The growth 
hormone, 100 I.U., was diluted to 125 ml. in a slightly 
basic solution (pH= 8.0) measured by a Corning model 
12 research pH meter. 
Surgical Procedures 
Sciatic nerve resection (right hind limb). 
• • 
The rats were placed on their stomachs on the dissecting 
board. The initial incision was parallel with the femur 
but about 5 mm. below it along the lateral thigh and about 
1 cm. in length. The large thigh muscle lying just beneath 
. 
the incision was pierced with the tips of sharp dissecting 
scissors. This muscle opening was enlarged a bit with a 
hemostat in order to locate the large 91-2 mm. wide) 
glistenin.g, sciatic nerve trunk passing into the posterior 
·leg from the pelvic gir~le. Once located, this trunk was 
' .. 
dissected as far proximally aa possible, then devided and 
' 
a five mm. portion resected. Division of this nerve seemed 
to provide most of the motor denervation required and 
provided adequate immobilization for the purposes ot these 
studies. 
~-:-..-
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• 
The surgical wounds were closed with wound clips and 
in each case ether anesthesia was administered during aurgery. 
Drz Weight Analysis 
The animals were sacrificed· in an air-tight ether 
jar and the hind limbs and ·heads severed from the carcasses. 
The severed parts were wrapped in aluminum foil and auto-
. 
claved tor twenty minutes at 250 degrees centigrade to 
facilitate soft tissue removal. The tibia/fibula complex, 
femur and both ·mandibular halves were removed and the ad-
hering soft tissues completely removed. The bones were 
the~ placed in a defatting solution, consisting of a methanol/ 
choloroform mixture, for twenty four hours. Following the 
fat dissolution, the bones . were placed in a dry heat oven 
at 32 degrees centigrade for twenty four hours or until 
thoroughly dry. The dry weight measurements were then record-
ed on an electric balance. 
Ash Weight Analysis 
For determining dry weight, the bones were placed in 
pre-weighed aluminum weighing pans which were folded around 
the dry bones prior to their . being placed in the muffle 
furnace for forty-eight hours at 600 degrees centigrade 
to produce ashing. Following ashing, the bone ashes including 
the aluminum pan were weighed on the electric balance and 
by subtracting the original pan weight, the actual bone 
ash weight was determined quite accurately. 
-12-
Statistical Methods 
The data comparing right and left limbs was subjected 
to paired T - tests. The remainder of the comparisons 
are done with Schetfe's test which is an appropriate 
• 
test for all comparisons among groups of unequal n's • 
. . . . . . 
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RESULTS 
Table 1 summarizes the aean body weigh ta and the mean 
dry weights for the tibia/fibula complexes •. Group A 
(unoperated + growth hormone) showed the largeat weight 
iacrease of all groups. Group D (operated) showed the 
least weight increase. Table 1 also shows the difteren~e 
between right and left tibia/fibula complexes for the mean 
dry weight values. The differences between right and left 
tibia/fibula complexes for groups D .(operated) and 0 
I • • • 
(operated+ growth hormone) are statisticallf significant. 
Table 2 snmm·arizes the mean ash weights for the tibia/ 
fibul~ complexes. Both groups C (operated+ growth hormone) 
and D (operated) show ·a statistically significant diff-
erence between right and left bones. The% ash is constant 
and shows no signiticant difference between right and left 
in any of the groups. · 
Table 3 summarizes the difference between the right 
and left mean dry weights for the femurs. The difference 
between right and left femurs for groups D (operated) and 
O (operated+ growth hormone) are statistically significant. 
Table 4 summarizes the difference between the right 
and left mean ash weights for the femurs. The difference 
between right and left femurs for groups D ( operated) 
and O (operated+ growth hormone) are statistically 
significant. The% ash is constant and shows no significant 
-
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difference between right and left in any of the groups. 
Prom the results of the Scheffe teat it is evident 
that the final body weights of the unoperated + growth 
hormone animals are on the average 22 gm. heavier than the 
• 
animals in both operated groups and the unoperated group 
which did not receive growth hormone. Denervation appears 
to have a direct effect on the gain in body weight even 
when growth hormone is administered. The tibia/fibula 
complex and femurs of the denervated right leg show weight 
values which are similiar for groups B (unoperated), C 
(operated+ growth .hormone), and D {operated). The 
tibia/ fibula complex and femur of groups A {unoperated + 
growth hormone) weigh more than those of the other groups. 
· Growth hormone seemed to have no growth promoting effect 
on the leg bones of the denervated limbs. The tibia/fibula 
complexes end femurs of the left leg shows dry weight values 
which are comparable for all groups. There is rio significant 
difference between any of the groups except the unoperated 
+ growth hormone animals and the originally sacrificed 
control group. The ash weight values correspond with the 
~ry weights and there is no marked alteration 1n % ash 
composition. 
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DISCUSSION 
following denervation, there is atrophy of the affected 
muscle. Since there is an intimate relationship between 
muscle and bone 1n the skeletal system, this atrophy of 
the skeletal muscle whould have a direct effect on the 
bone or bones to which it is attached. Goldberg has shown 
. 
that with denervation in hypophysectomized rats muscle 
undergoes protein degradation and also a decrease in protein 
synthesis. Goldberg has also shown that in hypophysectomized 
rats muscle definitely increases in size with growth 
hormone even when denervated; this would seem to disagree 
with our findings, however, one must consider a very 
important fact which Goldberg emphasizes in his article (3). 
He states, "It is suggested that muscle size is determined 
by at least two independant factors; {a) growth hormone 
for developmental growth, and {b) work induced .hypertrophy." 
These two forms of growth have very different effects 
on the physiologic properties of the muscles. Growth 
hormone only causes an increase in muscle mass and with 
no work possible in a denervated muscle this increase in 
mass should have very lfttle effe·ct on the attached bone. 
This hypothesis seems to· be consistent with our results. 
In the denervated rats, regardless of administration of 
growth hormone, the bones of the operated legs remained 
unaffected. 
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Sel7e and Bayusz (9) found that, regardless of dener-
vation; there waa an increase in length of the tibia. Their 
figures show that the animals which were denervated and 
received no growth hormone had almost the same values as 
• 
the growth hormone treated group. This is because their 
rats were not hypophysectomized. This also shows exo genous 
growth hormone did not alter the values significantly. This 
increase in length of the tibia was unexpected, because 
the proliferation of the junction-cartilage, osteoma formation 
and periosteal bone apposition which is present in normal 
bone growth was almost completely inhibited on the denervated 
side. Because their animals were not hypophysectomized 
and the tibia increased in length, there may be a difference 
between bone ~rowth in normal rats and rats which are 
h7pophysectomized and given growth hormone. 
As shown in tables 1 and 2 the difference between the 
right and left tibia/fibula complex for both dry and ash 
weight in the operated (D) and operated+ growth hormone 
(0) groups are statistically significant. Growth hormone 
appears to have no affect on the operated side as there is 
not any significant difference between the group which 
, . 
received growth hormone and the group which did not receive 
any growth hormone. 
Denervation appears to be the primary determinant 
in the weight dif!erence between ri::'5ht and left limbs. 
Denervation, according to the results of the Scheffe test, 
= 
-17-
I 
is also responsible for the difference 1n body weight seen 
betweeR the different groups. 
We could therefore conclude that denervation interferes 
with the gain in body weight. Also denervation yields a 
• 
clear difference between the weight of the right and left 
'ti·bia/fi,bula complexes and femurs. A.dminiatra tion of growth 
results in an increase in weight of the unoperated leg but 
not the denervated right leg. This appears to indicate that 
denervated legs do not respond to growth hormone • 
... 
. . 
. . 
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Table 1 - Effect of growth hormone (GH) on the dry weights 
of the tibia/fibula complex after unilateral . 
Group 
Beginning Control 
A-Unoperated + GH 
B-Unoperated 
c-operated + GH 
D-Operated 
sciatic nerve section. 
# of 
Rats 
6 
10 
8 
1 1 
10 
Mean 
Body 
Wei ght 
(gm) 
172 
228 
208 
204 
188 
Mean Dry 
Weight 
Right Left 
(mg) (mg) 
260 
319 
289 
280 
276 
-20-
270 
322 
294 
304 
294 
A 
10 
3 
5 
24 
18 
t p 
1.582 NS 
0.722 NS 
1.430 NS 
3. 291 .o 1 
5. 377 .oo 1 
Table 2 - Effect of growth hormone (GH) on the ash wei ghts 
ot the tibia/fibula complex after unilateral 
sciatic nerve section. 
Group 
Beginning Control 
A-Unoperated + GH 
B-Unoperated 
c-operated + GH 
D-operated 
# ot 
Rats 
6 
10 
8 
11 
10 
Mean 
Body 
Weight 
(gm) 
172 
228 
208 
204 
188 
Mean Ash 
Weight 
Right Left 
(mg) (mg) 
175 171 
209 210 
189 193 
180 198 
181 195 
t 
4 1 • 11 
1 .3278 
4 1. 194 
18 4.275 
14 4.92 
p 
NS 
NS 
NS 
• 01 
.oo 1 
Note: There were no significant changes in percentage 
ash composition 
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Table 3 - Effect of growth hormone (GH) of the dry weights 
of the femurs after unilateral sciatic nerve sectiom. 
Group 
Beginning Control 
A-Unoperated + GH 
B-Unoperated · 
a-operated+ GH 
D-Operated 
# of 
Rats 
6 
10 
8 
11 
10 
Mean 
Body 
Weight 
(gm) 
172 
228 
208 
204 
188 
Mean Dry 
Weight 
Ri ght Le:f't 
(mg) (mg) 
270 278 
340 
300 307 
296 318 
292 320 
-22-
8 
6 
7 
22 
28 
t p 
1.793 NS 
1.945 NS 
2.658 NS 
4.042 .o 1 
6.844 . 001 
,:· 
Table 4 - Effect of growth hormone (GH) on the ash wei ghts 
of the femurs after unilateral sciatic nerve section. 
Mean Mean Ash 
Body Weight 
# of Wei ght Right Left 
Group Rats ( gm) ( I!lg) (m g ) A t p 
Beginning Control 6 172 178 184 6 2.390 NS 
A•Uno·pera ted 
B-Unoperated 
C·Operated + 
D-Operated 
+ GH 10 228 222 224 2 1.453 NS 
8 208 199 202 3 1 .o 16 NS 
GH 11 204 189 211 22 4.216 • 01 
10 188 192 208 16 5.384 .oo 1 
Note: There were no significant changes in percentage 
ash composition 
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